Original scientific paper It is necessary for maintenance to have qualified and trained staff, capable of using modern equipment for maintenance, defect inspection and maintenance work, able of applying modern requirements of organization and management. Therefore, it is necessary to redesign the maintenance processes in a more extensive way than the classical, which is based on the terotechnological concept. Maintenance organization should be achieved at the same modern principles as the business excellence system of a company as a whole. This also includes a business philosophy that consists of the process approach to the design and operations of a company, an integrated management system based on the application of certain standards (quality, environment, safety at work, etc.) and elements of business excellence of a company. Maintenance excellence is a framework for a challenging and critical review of the integrity and productivity of any business process or project. Through maintenance excellence, any company seeks to provide a high quality process that supports continuous improvement focusing on various areas such as strategy, employees, information, work and other business aspects of maintenance.
Introduction -Models of maintenance excellence
Maintenance is defined as the combination of all the technical and administrative actions, including supervision, intended to retain an item, or restore it to a state in which it can perform a required function (IEC, 2006) [1] . Maintenance is a key function in sustaining long-term profitability for an organization [2] .
Measurement of maintenance performance is crucial for analysing the effectiveness of maintenance decisions, because maintenance performance cannot be managed, if it cannot be measured. From this reason some authors (Parida et al., 2005) [3] proposed a conceptual model of multi criteria maintenance performance measurement (MPM), based on maintenance performance indicators (MPIs), which are used for measurement of maintenance impact on the process performance. The two key issues are [4] 
: -How to measure MPIs? -How to select the right MPIs for measuring MPM?
Business excellence is synonymous with business success that includes all elements of the excellence of a company: production excellence, maintenance excellence, excellence in logistics and other elements.
Maintenance excellence is a framework for a challenging critical review of the integrity and productivity of any business process or project. Through maintenance excellence companies seek to provide a high quality process that supports continuous improvement and focuses on various areas such as strategy, employees, information, work, and other business aspects of maintenance [5, 6] .
Criteria of maintenance excellence [5] are the guidelines for world maintenance practices. Using these criteria, a company will be able to assess its own options of maintenance through self-assessment. Several models of maintenance excellence are associated with awards in the areas of quality and present a useful framework for quality and effectiveness improvement: • The Australian model of maintenance excellence (2007) seeks to provide a high quality process and supports continuous improvement in order to maintain, with special emphasis on employment, practice and business.
• The North American Excellence Maintenance model (2007) through its annual program recognizes organizations that make a difference in the performance of the maintenance process to enable excellence.
• Since the late 1990s the TPM excellence model has been ingrained as a continuous improvement methodology in a wide range of industries. • The Japanese model of excellence (Shingo, 2007) is that total system model that includes all aspects of maintenance.
Regardless of the level, in every organization there is a need for proper development in maintenance, as well as for achieving maintenance excellence as a condition for adequate profitability [7, 8] .
It is not possible to give a standard recipe for achieving maintenance excellence, given the complexity of maintaining position in various organizations, but it is possible to explain some of the common aspects of different types of industries.
Maintaining excellence, a very complex set of activities, and performance derived from that, is comprised of the following elements [6] The definition of maintenance objectives can be viewed as a max/min principle -maximizing the output of maintenance that meets the technical accuracy of the equipment, minimizing inputs for maintenance in terms of the number of employees, financial resources and costs in general.
The most important thing is that all input factors interact with each other, considering that relatively small changes in any of the input factors can significantly affect the output or the working ability of the equipment.
There are many concepts of maintenance and improvement strategies such as: TPM -total productive maintenance, RCM -reliability centred maintenance, RBI -risk based inspection, LCC -life cycle costing, CMMScomputerized maintenance management software, maintenance management, spare parts management etc. Problems arise when organizations use more than one concept simultaneously and start a new project in the middle of unfinished work, leading to the dissatisfaction of all participants in the project. The situation becomes even more complicated if the organization changed targets to improve maintenance from using increasing equipment effectiveness (reliability and availability) to reduce costs and vice versa.
Summarizing all these aspects, it can be concluded that organizations that have not established adequate grounds for maintenance have problems to reach excellence in the management of maintenance.
The road to excellence in manufacturing should begin with the desire to achieve world-class maintenance or maintenance excellence. There are five basic requirements, according to [5, 6 ]:
• Maintenance "always".
• Determining where you are? Profit is as an indicator of maintenance excellence.
• Developing of Computerized Maintenance Management CMMS/EAM System Maintenance Management.
• Maintenance work directed to company profitRevenue optimisation.
• Maintenance excellence index.
Particularly interesting is the index of maintenance excellence (Total Maintenance Excellence Index -TMEI) [8] which is an essential component for defining the performance of maintenance and the data to inform the customer of maintenance services.
Preliminary research of maintenance excellence
The research of maintenance excellence in our case was carried out in a real environment of a successful construction organization involved in civil engineering (construction of roads and road infrastructure). The organization owns modern machinery and transport equipment and employs around 200 workers of the needed professional profile. It is organized in a contemporary way, on the principles of an integrated management system and is certified according to the standards of ISO 9001, ISO 14001 and OHSAS.
The motives for a wider research of maintenance excellence were the results and the experience acquired with the self-assessment of the organization in the area of business excellence according to the EFQM model.
Results of self-assessment based on EFQM model
Previous studies of business excellence based on the criteria of the EFQM model of evaluation were carried out in 2013. The preliminary results of the selfassessment are shown in Tab. 1 [9] . The result, the distribution of points, is a result of a combination of the Delphi and Brainstorming method, the analysis of criteria by those familiar with the state in the organization -based of years of work and experience in the work organization (top management) -as well as experts in this field, those familiar with the organization. The assessment was informal.
The results of the self-assessment indicate that the company emphasizes continuous improvement, that there exist good results and trends of improvement, therefore the company is successful, with a trend of further improvement.
Results of research of the level of maintenance successfulness
Previous research of the level of successful maintenance in the observed organization was carried out simultaneously with the process of self-assessment according to the EFQM model by using the approved model of the Dublin Institute of Technology [6] :
• management (organization), • employees -qualification structure, • planning in maintenance, • maintenance process (maintenance techniques and technologies), • equipment reliability, • business characteristics (costs, economy).
The preliminary research results of the level of maintenance successfulness are given in Tab. 2 and the graphical chart in Fig. 1 [10] .
The research results show a satisfactory reliability of equipment, even though there are some deficiencies in the qualification structure and organization which increases maintenance costs [11] . 
Model of maintenance excellence index
The index of maintenance excellence is a complex value that represents a progressive approach to managing maintenance activities on the basis of metric elements. Tab. 3 shows the basis of the model of maintenance excellence index, which is based on the model of excellence established at the Dublin Institute of Technology [6] . (Hx10) depends on the ponder assigned to the characteristic (H) and maximum level of pondered performances (10) , and its result is the TARGET index of excellence.
Based on the results of the mentioned studies (Chapter 2) the organization decided to conduct further research by using the model of maintenance excellence index.
The applied model of excellence index [8] included 12 significant metric elements for the maintenance process (A), whose values (B) were determined during the research and are given in % in relation to the required ones -planned target values of measurement characteristics (C):
Measurement 
Analysis of results
The analysis of the level of individual performance (I) in Tab. 4 shows the level of reached target value for individual elements of excellence, based on which the following corrective activities are suggested: -should reduce maintenance costs per unit of product -A1, -need to reduce labour costs -A2, -should increase performance of planned activities -A4, -should increase amount of planned work in relation to unplanned -A6, -should increase amount of repetitive work (prevention and lubrication) -A7
The following characteristics stand out as satisfactory: -total costs compared with planned costs -A3, -total compliance of maintenance plan -A5, -orders with reliable scheduled time -A8, -availability of material resources -A9, -utilization time -A10, -availability of working time -A11, -availability of parts inventory -A12 From Tab. 4 it follows that the overall level of performance value or the maintenance excellence index in the studied organization is 551, which is 57 % of the maximum value of 960. According to the scale of weights for significance (G), the obtained index of excellence is "very good" [8] .
Differences in the result of maintenance successfulness in relation to the determined maximum values -self-assessment 69 %, level of maintenance successfulness 77 %, and maintenance excellence index 57 % -point to randomness of the data used in the research, which is a result of the methods used (Delphi and Brainstorming method).
Conclusions
In order to achieve a world-class level of maintenance excellence, it is necessary to redesign the processes of maintenance in a modern way instead of the "classic" one that is based on the terotechnological concept.
Maintenance organization should be realised with the same modern principles as the business excellence of a company as a whole. This includes a business philosophy that consists of the process approach to the design and operations of the organisation, an integrated management system based on the application of certain standards (quality, environment, safety at work, etc.) and elements of business excellence of a company.
The Maintenance Excellence Criteria -MEC are the guidelines for the introduction of world maintenance practices. Using these criteria, the organization will be able to assess its maintenance options through selfassessment.
The maintenance excellence index is an indicator of the maintenance level defined by a specific confirmation of success.
The present model for calculating the maintenance excellence index is based on the model used by the Dublin Institute of Technology and is very effective and flexible in terms of metric units -measuring characteristics of maintenance.
Note
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